0183

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

EVALUATION OF THE CINCINNATI
MILACRON T°'ROBOT FOR SHIPBUILDING
WELDING

U.S. DEPARTMENT OF TRANSPORTATION

MARI TI MV ADM NI STRATI ON

IN COOPERATION WITH
NEWPORT NEWS SHI PBUI LDI NG



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display acurrently valid OMB control number.

1. REPORT DATE
JAN 1994

2. REPORT TYPE
N/A

3. DATES COVERED

4. TITLEAND SUBTITLE

The National Shipbuilding Research Program: Evaluation of the

Cincinnati Milacron T3Rabot for Shipbuilding Welding

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Naval Surface Warfare Center CD Code 2230 - Design Integration Tools
Building 192 Room 128 9500 MacArthur Bldg Bethesda, MD 20817-5700

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT b. ABSTRACT
unclassified unclassified

c. THISPAGE
unclassified

17. LIMITATION OF
ABSTRACT

SAR

18. NUMBER | 19a NAME OF
OF PAGES RESPONSIBLE PERSON

81

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



This report (or manual) is submitted pursuant to a research and
development contract without any warranties, expressed or implied.
ANY POSSIBLE IMPLID WARRANTIES OF MERCHANTABILITY AND/OR FITNESS

FOR_UR O ARE E ' ED.




CINCINNATI MILACRON T-3 ROBOT
FOREWORD

The purpose of this report is to present the results of one of the
research and development programs which was initiated by the members of
the Ship Production Committee of the Society of Naval Architects and
Marine Engineers (SNAME], and financed largely by government funds
through a cost-sharing contract between the U. S. Maritime Administration
and Newport News Shipbuilding. The effort of this project was directed
to the selection and testing of a robotic arc welding system for use in
U.S. shipyards.

Mr. M. I. Tanner andMr. B. C. Howser, of Newport News Shipbuilding,
were Program Managers. Mr. J. B. Acton and Mr. J. P. Maciel, of Todd
Pacific Shipyards Corp. - Los Angeles Division (TPLA), were Project
Managers. Messrs. J. B. Acton, D. A. Lang and R. K. Nordeen, of TPLA,
were the Principal Investigators.

Special acknowledgement is extended to the members of Welding Panel
SP-7 of the SNAME Ship Production Committee, who served as technical
advisors in the preparation of inquiries and evaluation of subcontract
proposals, and to Newport News Mr. M. 1. Tanner forsaking possible the

report compilation.
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1. Summary
1.1 Purpose

The purpose of this report is to aid in the formulation of laboratory ,
programs reflecting customer’s needs, and effectively communicate

the considerations/issues to appropriate levels of management. This

report documents the rationale for strong/weak points, deficiency

notices, and offers what is believed to be an improvement in reference
to:

‘Operational performance of the robot and its work station
(compliance with functional requirements).

‘Degree of usefulness of the arc welding robot system in the
shipbuilding industry.

1.2 Conclusion

Utilization of the robot to weld fairly complex aluminum and steel
subassemblies confirmed that a programmable, automated machine can be
taught to manipulate the tool attached to it and to consistently,
accurately, and fast perform the process as defined. However, it

was also determined that close tolerance fit-up and positioning is
necessary with existing technology. Teaching time was identified as
the most significant factor limiting the productivity of the robot

in small batch manufacturing operations.

Determining the degree of usefulness of arc-welding robot systems in
the shipbuilding industry is an ongoing task. Specifications for
their purchase, implementation, maintenance and standardization
should be developed as robotic technology improves.

1.3 Recommendation

Results of Todd’s evaluation established a need for developing faster
operator-friendly teaching devices and a dependable vision seam
tracker, which would greatly decrease the programming time, the

program modifying time and the dry run time, thus increasing the
efficiency of the robot and safety of it’s operators.

2. Background
2.1 Objective
Welding has been identified as one of the key cost drivers for the

shipbuilding industry. In order to reduce fabrication cost by

improved productivity and improved quality of work, it was decided
to use Flexible Automation in the area of welding.

2.2 Approach

An inhouse assessment was made of physical characteristics of parts



required by past contracts. Based on this study, the Cincinnati
Milacron T3 robot was selected and delivered to the shipyard. After
obtaining the operation and maintenance documentation, an operator
was carefully selected and sent along with maintenance personnel

for factory training. The robot and associated equipment became
operational in October 1981.

2.3 Interim Report - This report embodies the November 15, 1982 Interim
report with adaddtional data and information. Much of the initial
information has been updated although there are sections of this
report which were not changed from the Interim Report.

3. Work Station

3.1 General

This section briefly descri bes the work station consisting of the main
equipment:

°Robot

°Robot Control Unit
*Hydraulic Unit
‘Welding Unit

The arcwelding robot and associated equipment occupies an area of
approximately 35” x 26” in the Plate Shop; Figures I and 2 represent
layouts of the original installation and final installation, respect-
ively. The work stations were designed in accordance with all
applicable local, state and federal regulations in addition to two
prime objectives:

*Safety of personnel and equipment
‘Efficient use of the robot’s working envelope

3.2 Robot
The robot and work cell are shown Figures 3 and 4, respectively.

3.2.1 Specification

The robot used in this evaluation is a Cincinnati Milacron T3
industrial robot. See Exhibit 1. Pertinent features include:

‘6-axis jointed arm construction

* Independent electro-hydraulic servo-controlled system
for each axis

"Resolver and tachometer position feedback device for each
axis

‘Repeatability to any programmed point + 0.025 in.

*Maximum horizontal sweep 240 degrees

*Maximum horizontal reach 97” end effecter

*Minimum to maximum reach, floor to ceiling 0“-154”
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3.2.1 Specification (cent’c!)

*Maximum velocitv 900 1PM
‘Wrist motions -“pitch 180 degrees
roll 24C degrees
yaw 180 degrees
‘Environmental temperature range 40-120 degrees
Fahrenheit

3.2.2 Evaluation
3.2.2.1  Performance
The robot performed well in all aspects of the
operation; in some cases exceeded the specifications.
The accuracy and motion is suitable for most welding
applications. The weld quality is superior to that
produced by a human.

3.2.2.2 Maintenance and Service

The robot has logged approximately 2700 hours of
operation during the evaluation period with few
breakdowns or mechanical malfunctions. Service was
usually performed by trained Todd personnel. The
availability and assistance of Cincinnati Milacron
servfce personnel, when needed, was excellent.

3.2.2.3 Recommendation

The welding application does not require that the
robot have a significant lifting capacity; a
characteristic of hydraulic robots. It is recom-
mended that electric robots be investigated for the
welding application.

3.3 Robot Control Console

3.3.1 Location

Efficient and safe operation of the equipment is sensitive to
the location of the robot control unit. The equipment currently
being used required that variable information about each point
in a program be input at the control unit. This means that
after leading the robot to a desired location, (usually done

in the vicinity of the part via the portable *“button box”
control), the operator must proceed to the control console to
input instructions about the point. Consequently, three

factors are important in locating this unit:

°1t should be located as close to the prospective work
areas as possible

°The path between work area and control unit should
be unobstructed

-7-



3.3.1 Location (cent’d)

“When working at the console, the operator should be out
of the robot’s envelope and/or the operator should
have at least peripheral sight of the robot arm

The first two considerations are important because of the
significant amount of time spent programming in a small
batch manufacturing application. The third consideration
is necessitated by-operator and equipment safety.

3.3.2 Specification

The robot control system used was CincOinnax” Millacron s Acramatic
Computer Control. See Figure 5. Pertinent features Include:

“ Infinitely variable 6-axis positioning

“ Controlled straight-line motion between programmed
points (point-to-point)

°Alpha-numeric keyboard for program data entry

°Large character CRT for functional data display and
diagnostic messages

*Hand-held teach unit for manipulating end effecter
through desired motions

3.3.3 Control and Teaching Functions

‘Coordinated straight-line motion with automatic acceleration
and deceleration between consecutive programmed points

°1750-data point storage capacity

*Programmable path velocities

°Choice of cylindrical , rectilinear, or hand-coordinated
motions during teaching

Movements during teaching about tool center point
Three selectable tool dimensions for different tool center

points locations

*Full program editing capability

°*Capability of creating a mirror image of previously taught
program

“Modify capabilities of all coordinate values, function,
velocity, and tool dimension

*Built-in malfunction diagnostics incorporating automatic
machine shutdown

3.3.4 Evaluation

3.3.4.1 Performance

The CM Acramatic computer control hardware performed
to 1ts specifications throughout the evaluation. The
unit was not significantly affected by the environment
and has operated with only a few malfunctions.
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3.3.4.2 Maintenance and Service

The unit was serviced by trained Todd personnel or
Cincinnati Milacron service personnel.

3.3.4.3 Recommendation

The most significant shortcoming of the control
system is the. accompanying software package. The
system is functionally sound in that it provides for
all the variables and control commands necessary to
the welding application; but, it is too bulky and
time-consuming a system to adequately meet the needs
of the small batch manufacturing industry. Recommend
to continue defining the control operations that
are limiting the success of the present system and
recommend developing new systems;

3.4 Hydraulic Power Supply

3.4.1 Specification

The robot is powered by a hydraulic power supply (See Figure 6),
the following are a few of its specifications:

Operating pressure 2250 psi
Drive motor 25 HP, 1800 RPM
*Power requirements 230 or 460 volts, 3 phase, 60 HZ
3.4.2 Evaluation
3.4.2.1 Performance

The hydraulic unit performs to its specifications.

3.4.2.2 Maintenance and Service

The unit required only a limited amount of regular
maintenance, in accordance with the operating
manual .

3.4.2.3 Recommendation

The addition of a heating unit to assist in warming
the hydraulic fluid. This would reduce the warm-up
period and increase production.

3.5 Welding System

3.5.1 General

The welding system consisted of:

-10-
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3.5.1 General (cont’d)

°Hobart - Robot Controlled Welding Control Panel

°Hobart - Constant Voltage Type Rectifier-Welding Nactiine
°Hobart - Wire Drive Feed Head
°Bernard - Stainless Steel Water Cooler

See Exhibits 2 to 6.

3.5.2 Evaluation

3.5.2.1 Performance

The welding system performs to its specifications.
3.5.2.2 Maintenance and Service

This system is maintained and serviced according to
the factory instructions.

3.5.2.3. Recommendation- None

4. Support Equipment

4.1 General

The support equipment consists of:
°Positioners - Single &Dual
°Jigs and Fixtures
*Torch Assemblies and Torches

4.2 Positioners

4.2.1 Specification

The positioner selected initially was an Aronson two-axis
positioner. Included for information is Fabrication
Specialties dual positioner table, see Figure 7, 8 and 9.
Pertinent features of both positioners is as follows:

Aronson (Model RABG60CS)

©48” square table surface
Adjustable securing clamps

°360° rotation at 1 RPM

°135° tilt at 1 RPM single speed

°1800 Ib. capacity

‘Direction operation interface with robot control
system

-12-
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4.2.1 Specification (cont’d)

Fabrication Specialties (Model GD1000)

*Two 36” round table surfaces

°360° rotation each table at 5 RPM

°180° main sweep in 6.5 seconds

°1000 Ibs. capacity per table surface

‘Direct operation interface with robot control system

4.2_2 Positioner Location

Location and orientation of the positioners are extremely
important and can add considerable efficiency to the operation.
The CM-T3 robot working envelope is of irregular shape,
symmetrical only about the vertical plane (X-Z plang passing
through its center, see Exhibit ID. When only one positioner
is used, the center line of the table is oriented along this
plane of symmetry to maximize the reach of the robot arm to
both sides of the table. Since the primary function of the
two-axis positoner is to allow each joint of a part to be
oriented in the ideal flat position, the center of the
positioner is located so that when the table is in 45° tilt,
the furthermost edge of the table is just within the working
envelope.

The table is level with respect to the rubot’s X-Y-Z translat-
ional (rectangular) movements. This coordinate system has proved
the most effective in the teach mode (see Section 5). If the
table is precisely positioned relative to the robot’s translat-
ional movements, a part, properly oriented on the table will
automatically have its right angle joints oriented along the
robot lines of motion. As a result, teaching a segment requires
a minimum amount of time and effort in leading the robot along
the joint (ideally, one control command, in or out, left or
right, up or down).

Implementation of two or more positioners, to the above
orientation, will limit the size of the weldable parts as
compared to having one positioner in the envelope. It might
be necessary to utilize the working envelope according to
size of parts, rather than ease of programming.

The advantage of using positioners in conjunction with the
robot welder is that it allows each joint to be positioned

in an ideal orientation for welding and allows access to all
joints without having to move the workpiece. When utilizing
multiple positioners, parts can be loaded and welded simultan-
eously.

-16-



4.2_.3 Evaluation
4.2.3.1 Performance

The positioner tables have performed acceptably in

most respects. The accuracy with which the

positioners return to programmed positions is paramount
in a robotic application. These units perform this
function very well.

4_.2_.3.2 Maintenance and Service

These units were maintained and serviced in accordance
with their respective factory instructions.

Due to control panel overheating problems, the dual
table positioner required the addition of a Kool Tronic
air-conditioning unit with the following specifications:

°Model KAC-6
°6000 BTU
*Ambient temperatures from -50"F to 125°F max.

4.2_.3.3 Recommendation

The Aronson (single table) motions are controlled by

a single speed motor at a rate of one RPM, It is
desirable to have variable speed control of the table
movement. The Fabrication Specialties positioner has
this variable speed which greatly enhances its
performance. This speeds up the operation and increases
the allowable size of circular parts that may be welded
using the rotation of the table. The Aronson positioner
has a single positioning surface, whereas the Fabrication
Specialties positioner has two surfaces. With the
single table positioner, the part loading and unloading
process can be very unproductive. The dual table
positioner’s loading and unloading capabilities can
greatly increase the operator efficiency (arc time).

Utilizing multiple positioners in the working envelope
could possibly reduce the size of the parts capable

of being welded; but, would increase the flexibility

of the system. This possible trade off should be
justified prior to installation of multiple positioners.

4.3 Jigs and Fixtures

4.3.1 General

The development of jigs and fixtures for part positioning,

-17-



handling and securing will add to the productivity of the
entire robot welding operation. Over the course of the
evaluation, different clamps and fixtures were fabricated
mostly to meet specific needs. Due to the variety of small
batch ship parts and foundations, more universal positioning
and securing fixtures were found to be the most desirable.
These have to be accurate to insure repeatability, and fast

to minimize the robot downtime while performing the positioning
and securing function.

4_.3.2 Positioner Table Surface Plates

A 3/8” steel plate was cut to match the Aronson positioner
table surface; key ways were machined diagonally to
accommodate the tablets adjustable clamps, as

shown on Exhibit 7B. The surface was indexed around the border
of the plate with punch marks every 1/2”; each mark was nunbered.
The plate was then secured to the positioner using the robot to
align the X-Y index marks with the X-Y motion of the robot
itself using two straight edges and the index marks. A part may
be accurately located and subsequently relocated on the table
surface with sufficient accuracy for the system; however, the
time required for this operation is greater than desired. An
improved table surface is currently at the conceptual design
stage. This table surface features a more extensive key way
system providing the ability to secure more than one small part
at a time and accommodate positioning jigs; an advantage to both
programming and welding efficiency. Aluminum parts are more
subject to distortion during the weld process than steel parts.
For this reason, a 3/8” aluminum positioner table surface

plate was made and installed on the Aronson positioner to allow
aluminum parts tobe tack welded directly to the positioner
surface. This greatly reduced the weld heat distortion by
providing adequate restraint. Upon weld completion, the tack
welds are broken and the table surface prepared for the next
part.

Fixturing was designed differently when utilizing the dual

positioner. Jigs were made on 1/2” thick plating which can
be easily removed and replaced by another jig when welding
a different part. See Exhibit 8.

4.3.3 Securing Clamps

Part securing clamps have been developed to meet the needs of
specific parts and applications. The range of material
thickness clamped to the table is from 3/16" to approximately
3", Small lightweight part clamping is easily accomplished
with spring loaded/toggle clamps.

Large heavier parts are secured by clamps supplied with the
positioner table. These clamps have a clamping range of 0”
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to approximately 4“, and are tightened manually. See
Figure 10.

4.3.4 Part_Loading

Accurate relocation of similar parts on the positioner is
essential to a robotic welding application. Presently, an
electric two ton overhead crane is used to load parts and
is found to be adequate.

4.3.5 Evaluation

4.3.5.1 Performance - Not applicable

4.3.5.2 Maintenance and Service - Not applicable

4.3.5.3 Recommendation

More research is needed in this area. Each particular
application requires various different fixturing
devices for jigs/clamps. Consideration should be
given to the possible use of surface plates with
fixturing devices on each plate and made to fit
particular parts. These could be stored and scheduled

to flow to the robot work station when that particular
part needs welding.

4.4 Torch Assemblies and Torches

4.4.1 General

The welding torch assemblies and torches are critical elements
of the robot welding system.

4.4.2 Torch Assemblies

The torch assembly consists of brackets and fixtures used to
secure the welding torch onto the robot end effecter, in proper
position. The standard “Home” (at rest) position of the CM-T3
arm allows a maximum tool dimension (distance from end effecter
to torch tip) of 24 inches. This limited the length of the
torch assembly. We have, in effect, extended this capability
by lengthening the tool dimension 10 1/2”. See Figure 11.

Prior to returning to the standard “Home” position, the hinged
portion of the bracket is released. This allows the arm to
return to the standard “Home” position without damaging it.

Safety of the operator and equipment should be built into

the torch assembly. This was initially accomplished by securing
the torch to the mount with breakaway plastic straps. These
provided some measure of safety but did not guarantee against
injury or damage. The Binzel Corporation developed a safety
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4.4.2

4.4.3

4.4.4

Torch Assemblies (cent’d)

torch mount which was procured and installed. The torch
mount features a sensing switch capable of shutting the
operation off and a spring loaded bracket to reposition the
torch after it has been disturbed. Both of these features
eliminate previously operator-performed tasks. See Exhibit
9. No single torch mount design will provide torch access
to all possible joint configurations. The most universal
mount used to date is simply a straight bracket with a joint
at the torch end for angle adjustments.

It is most important to note that whenever the torch is
moved, the torch tip must always be positioned on the center-
line of the end effecter and the correct tool dimension input
into the control unit. The positioning is best accomplished
by fabricating a simulated torch position gage that mounts

to the end effecter and provides an accurate, consistent
reference point. All previous programs will require modific-
ation to conform to the new tool dimension prior to running
them.

Torches

The physical size of the torch should be small for weight and
access considerations. The length of the torch nozzle assembly
most frequently used is four inches; however, both a three and
five inch nozzle assembly have been useful in certain situat-
ions. This identifies the desirability of having easily
interchangeable torch nozzle assemblies. A straight barrel
torch mounted on a hinged bracket at a 45° angle was found to
be the most effective for this application. See Figure 11.

A 22° torch angle was evaluated and found to be very adequate
but not quite as universal as the 55° torch angle in terms

of access. The 22° torch angle offers the best access to
corners and flat welds as they are positioned by the positioner.

A numberof different torches have been evaluated. Of these.
two have proved most successful based on the above criteria -
and considerations: 1) Machine Specialties D & F, and

2) Binzel Robo 450.

Evacuation
4.4_4.1 Performance

4.4.4.1.1 MachineSpecialties D & F - The D & F
water cooled torches consist of two models,
a 55° torch angle and a straight barrel
both with interchangeable nozzle assemblies
of 3-4-5 inches. The torch is compact .
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and streamlined in design and has performed
well without a major failure or breakdown.
See Exhibit 10.

4.4.4.1.2 Binzel Robo 450

4.4.4.1.3

The Binzel Robo 450 water cooled torch

was designed by Binzel specifically for
robot welding applications. See Exhibit 11.
However, the coolant does not circulate as
far down the barrel assembly as the D & F
torches resulting in a hotter nozzle that
collects more spatter. This can be over-
come by using an automatic cleaning unit
(which will be discussed 1 ater) designed

to be used with this torch. The torch
evaluated had a 22° torch angle and three
inches of nozzle assembly after the bend.
This angle is acceptable though not as
effective as the D & F 55° torch angle.
Torch lengths cannot be varied unless the
complete torch assembly is changed. The
Binzel torch does not have interchangeable
nozzle assemblies. Binzel ’s unique cable
connection design makes this change a fast
and easy operation. The Binzel torch is
smaller and more compact than the D & F
which i1s an advantage. Steel wire runs
through the 55° torch angle without much of
a binding problem. Aluminum wire has more
of a tendency to bind, causing the weld system
to shut down. Two other factors affect the
binding problem. The current wire feed
system is a push type; the wire drive unit is
mounted on the robot arm and pushes the wire
through the cable and torch (approximately

7 feet). A push-pull wire drive system
incorporates a pulling motor in the torch
handle and reduces the chance of the wire
binding. This system should be evaluated.

The second consideration is the length of
the cable between the wire drive unit and
the torch.

Hobart WCG 600

The WCG 600 water cooled torch has a 45°
torch angle. See Exhibit 12. This torch
was found to be inadequate in most applicat-
ions. The nozzle retaining nut interfered
when getting into/out of tight corners. A
slender profile is required in these areas.
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4_4_4_2 Maintenance and service

Normal servicing of torches was required. Addition of liners,
tips, nozzles, etc., were replaced as needed.

4.4_4_3 Recommendation

4.4.4.3.1 Torch Assembly

4.4.4.3.2

The assembly should be designed to be as stream-
lined as possible,especially at the torch end.
Any excessively large pieces of hardware at this
end will limit the accessibility of the torch to
the workpiece.

The assembly should be rigid in all positions; any
deflection will affect the arm’s repeatability and
the quality of the weld. The assembly should also
be rigid enough to minimize any unwanted vibration
when the robot is operating, especially in the
weave mode.

Torch

Torch cleaning during the welding operation has
been a problem. It is important for smooth
operation of the system that spatter not be allowed
to build up on the inside of the nozzle. If this
occurs, the shielding gas coverage can be disturbed
and thus affect the quality of the weld, or the arc
can short circuit to the nozzle causing the weld
system to shut down. Use of a chrome-plated

nozzle will minimize spatter buildup. Presently,
the operator manually cleans the nozzle and applies
antispatter spray during table movements.

An automatic torch cleaning system, designed for
robot welding operations by Binzel, has been procured,
but not yet evaluated. See Exhibit 13. The fully
automatic system is designed to accept the torch
nozzle into a cleaning unit at pre-prograirrned
intervals. The unit cleans the nozzle and applies

a coat of antispatter fluid. Without such a system,
much of the productivity gained by automation is
offset by the need for the operation to be constantly
monitored by the operator.

The length of the cable between the wire drive unit
and the torch should be minimized by providing only
enough cable so that the arm may be fully extended
to its working limit.

The operator usually works in close proximity to
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5.

the torch, often just after a weld has been
performed. To insure safety and not delay the
operation, the torch design should provide water
cooling through the nozzle.

Programming

5.1 General

Part programing is the most critical aspect of the robot welding
operation affecting its successful application in shipbuilding.

As verified by a ship part survey, shipbuilding is characterized by
its variety of small batch, often unique assemblies. In the case of
a single unique part, the programming time can represent as much as
90% of the total processing time.

The system software used to generate the program, must be completely
understood by the operator to maximize its capabilities. Part
programming time is usually the determining factor when time is used
to justify the advantage of robot welding versus manual/semi-automatic
welding.

For purposes of this evaluation, programming time is defined to be the
time required to:

“Plan and input the positioner table movements

“Develop the part program, including teaching the path and
inputting appropriate parameters

“Test running the program, including modifications

Part programing is primarily a mental function. To produce the
desired results requires the coordination of two individually
complex functions--welding and operating a robot. The selection of
a top quality welder to train as a robot operator was desirable to
preserve the integrity of the welding process while allowing the
operator to concentrate on the programming function.

These are three tasks that should be coordinated to develop a complete
part program:

“Select and input positioner table movements
“Maniuplate the rokot arm over desired paths and input points
“Input variable information that directs robot operation

and welding operation

5.2 Positioner Table Movements

Table movements are planned in conjunction with the weld sequence
prior to actual path programming. Each movement is recorded in the
control unit as part of a separate sequence. This sequence is then
called on throughout the main part program, to initiate the next
movement. This method of separate table movement programing is
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preferable to programming movements during the part programming
function because the weld is easier to plan and there is less chance
for error. Table movement planning and programming time with current
equipment is less than 10% of the total programming time. The time
required for this operation is most dependent on the speed at which
the table moves and the experience of the operator in selecting

proper weld sequences.

5.3 Path Teaching

The CM-T3 rcbot is a point-to-point servo-controlled machine. This
means the robot is designed to follow a straight line path between

any two programmed points. To program a straight line weld segment
requires that the torch (mounted on the robot arm) be properly located
at the starting point of the weld and the orientation of the torch
relative to the joint be correct. The comand is then issued to the
control unit to “remember” the position of the robot’s arm; in this
way it can return to the same position when instructed. The robot

arm is then maneuvered to the end point of the weld segment and the
torch again oriented in its proper position (not necessarily the same
orientation as the beginning). This point is then programmed
“remember” as before. The path followed (during the teaching process)
when going from start-to-finish point is not important. When instructed,
the robot will return to the start point and move, at the assigned
speed, in a continuous straight line to the ending point. A signifi-
cant amount of time can be saved by positioning the part such that its
right angle joints are located along the natural axis of the robot’s
motion. This allows for simple and fast manipulation of the arm
between points of these axes.

After each path is taught, the robot is returned to the starting point
and the path run as i1t would be if actually welding. This gives the
operator a chance to check the torch orientation as it travels between
the programmed points. This is a time-consuming but necessary operation.
Often, the path must be slightly modified by adding some intermediate
points because the joint is not perfectly straight. New systems with
the ability to automatically adjust the robot’s motion for variations

in the joint geometry will eliminate the need to go through this
exercise and save considerable time.

54 variable Input

When any potnt is defined as being part of a path, the operator must
input a variety of variable information that is used by the system

to direct the robot and/orwelding operations. This control information
requires input at the control unit console and includes:

“Robot operation information

“Weld operation information

‘ System operation information
5.5 Evaluation

5.5.1 Performance
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The most time-consuming aspect of programming a welding path
is orienting the torch into proper position relative to the
joint. Proper torch orientation is absolutely critical to
the outcome ofa weld. To insure proper positioning, the
operator must work close to the tip of the torch, make very
fine adjustments to its position, then check the orientation
from all possible angles. To significantly reduce programm-
ing time, new robot control technology will have to address
this torch orienting problem. The conventional button box
control device, used to direct the motion of the robot arm,
is adequate but slow even for an experienced operator. See
Figure 12. Desired motion is accomplished by depressing one
or more of twelve possible buttons controlling six different
motions. Movement in two or more directions simultaneously
requires a reasonable amount of thoughtand skill. The safest,
surest, and most time-consuming sequence of motion is to
activate one direction at a time, especially in tight places
and around a workpiece. Faster, more intuitive methods of
directing the robot arm will certainly contribute to more
efficient path teaching.

There are three coordinate systems available in which the robot
arm may be manipulated while defining the points of a path:

1) cylindrical; 2) rectilinear, and 3) hand coordinates. The
rectilinear teach mode has proven to be the most intuitive
system of motion and is used most often.

Varying amounts of information are required depending on the
function to be performed. This input represents a significant
contribution to total program time. Initial data indicates a
range of 5 to 11 program points per segment with an average of
about 8 points per segment. Number of points varies with the
length and complexity of the weld segment.

The time the operator spends traveling between the workplace
and the control console is dependent on the distance between
the two areas. This can be minimized by careful layout of the
work station and/or programing capabilities of the teach
pendant.

5.5.2 Recormnendation

Many of the program points that define a single segment and
the operations to be performed on it are consistently in the
same order and of the same type. New software developments
should allow the input of a block or standard sequence of
point§ with a simple comnand. The sequence should be easily
edited.

IT the operational commands could be predefine in this fashion,
and only the torch location and orientation require defining,
considerable programming time could be saved.
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5.5.2 Recommnendation (cont’d)

A current-capability of the programing system, that needs
only refining to be a very-useful tool, is the automatic
“mirror image” function. The function will automatically
generate a mirror image ofan existing set of program points.
Its limitations now are that it does not translate table
movement, it only translates points about the robots X axis,
and the existing sequence of points are deleted and replaced
by the mirrored sequence. Such a function would be most
efficient when programming symmetrical parts, and port and
starboard pairs; both of which are common in shipbuilding.
This function or one similar should be considered in the
development of new software packages.

It is recommended that future software developments include

a menu of automatic “table movement commands relating to common
movements. This will reduce the time required to perform the
operation and further automate the system.

In sunmary, efficient programming (operator and software
interaction) is dependent on a flexible software system that
capitalizes on the consistencies of the welding operation and
the operator’s complete knowledge of that system.

Currently, this operation is entirely an operator-dependent
function. The robot and control unit do not perform any
function unless taught to do so. As a result, the system’s
efficiency and productivity is more dependent on the operator,
his ability, knowledge and experience, than any other single
factor. The machine should be designed to do most of the
work; it currently falls far short of this goal.

6. Robot Welding Operation

6.1 General

The welding operation ofa robot welder is similar in most respects to .
conventional methods thou h more sensitive. Robot welding is a fully
automatic (noninteractivel operation, requiring that all aspects of
the operation and factors affecting it are correct.

The quality of any weld is dependent on the weld parameters and
execution of those parameters. A good manual welder knows the welding
parameters to use to produce a quality weld on a given piece of
material, and has the ability (advantage) to automatically adjust
certain parameters to insure the weld quality. In contrast, the robot
welder does not currently have any welding process control feedback
capable of adjusting its weld parameters to insure quality. The

robot does, however, have the advantage over the manual welder in
maintaining the programmed weld paramters precisely (particularly
with respect to travel speed). The result of these considerations

is that the robot can produce a quality weld consistently, if and
only if, the weld paramters for the precise task at hand are known.
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This identifies the need to develop detailed documentation of weld
parameters for every anticipated welding application if the robot
welder is to be efficiently utilized in a versatile production mode.

6.2 Weld Parameters

Candidate ship parts and foundations for robot welding are made up of
mild steel and aluminum. A ship part survey for FFG-7 class vessels
identified material thicknesses of 3/16”, 1/4”, 3/8” and 1/2” to

be common, the most common being 1/4”. Weld parameters for welding
these materials and material size should be developed first. Parameters
for other materials and sizes may develop as time and need dictates.

The most common joint type encountered in small ship part and
foundation construction was identified to be the tee joint, which
required a fillet weld. See Exhibit 14. The use of a positioner
allows the piece to be positioned so most all fillet welds can be made
in the flat position. Parameters for this orientation form the real
working base of the robot welding operation.

A ship part survey also identified the following joint types: butt
joints, lap joints, and corner joints. Similarly, the positioner
allows these joints to be oriented in their ideal welding orientation.

The ability to position each joint in its ideal orientation for
welding with the positioner should not imply this is always the most
desirable. A small, yet significant, amount of time is committed to
the total process time with each table movement; this includes

table programing time and actual movement time. Other joint
orientations should be investigated for possible use based on the
weld quality achievable. Depending on the quality and repeatability
of these types of welds, if more than one joint orientation can be
suitably welded from a single table movement, increased efficiency
may be achieved. The welding procedures and filler metal utilized
during production welding are shown in Exhibits 15, 16, 17 and 18.
These procedures are for automatic FCAW on low and medium carbon
steels and for butt/fillet welds on aluminum. Weld size and quality
is very sensitive to torch travel speed. The Ct?-T3 robot is designed
to move the torch tip at a programmed travel speed. Torch tip
location is defined (input) by the tool dimension function of the
robot control system. It must be positioned on the centerline of
the robot end effecter.

IT not properly positioned and defined, the resulting travel speed
will be slightly higher or lower than the programmed travel speed, if
any rotations are part of the programmed movement.

To insure accurate and repeatable weld parameters, always be sure
torch position and tool dimension are correct.
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Within the domain of single joint type and orientation, there are
conditions that may require slightly different weld parameters.
These should be investigated and documented. Generally, one of
the following three conditions exist:

°A straight weld requiring no change in torch attitude
(no rotations required)

“A weld ending in a corner which requires the torch tip
be rolled into the corner

*A corner-to-corner weld which requires the torch tip to
start in the corner, be rolled out, then rolled into the
ending corner

Any changing relationship between the torch and the flowing weld
puddle (usually experienced in the last two conditions above) can
affect the final weld. This may be corrected by specifying slightly
different weld parameters at points along the path. Distortion of
the material, by previously deposited welds, can affect the outcome
of subsequent welds. It is therefore mandatory that all new parts
have welding sequences/parameters developed to minimize distortion.

It is often desirable to control the weld puddle at the starting
and ending point of a weld segment by varying the weld parameters.
A “hot” (high amperage/voltage setting) weld parameter just at the
beginning ofa weld will bring the surrounding area to the desired
temperature quickly, allowing the weld puddle to flow and insuring
a proper start. A “cold” (low amperage/voltage setting) parameter
at the end of a weld will reduce the temperature and keep the weld
puddle from flowing too freely and spreading out during the filling
of the craters. These methods are highly desirable when welding
aluminum parts.

The delay function is often used to fill the crater at the end ofa
weld segment. Delay time must be investigated for different welds
and conditions.

These and other considerations that make welding as much an art as
a science are often performed automatically by an experienced
welder. The robot, however, must be programmed to perform each
detail, and so the parameters to achieve each condition must be
known.

6.3 Welding Process Variables

A primary advantage of the robot welder is its ability to maintain
constant weld parameters during the welding process. This contributes
considerably to improved consistent quality and appearance of robot
welds compared to manual welds. The ability to maintain constant
travel speed also contributes to better control over heat distortion.
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The welding robot does not have the ability to recognize disruptive

conditions in the joint and correct for their presence. This often

leads to automatic shutdown of the weld process when such conditions
are encountered. Shutdowns usually occur due to loss of arc or wire
jamming.

When the torch “encountered a non-conductive surface, usually flux,
slag, or some other impurity, the result is often loss of arc which
can result in system shutdown. When an oversize tack weld is
encountered, the wire can jam as it passes also causing a system.
shutdown.

Both of these occurrences can be minimized by careful joint prepar-
ation. The care with which a joint must be prepared for robot
welding is greater than that of other methods of welding, though not
significantly different. Proper joint preparation does not, however,
insure uninterruption of the weld process.

Excessive spatter accumulation can cause process interruption on

even a properly prepared joint. Likewise, beginning a new weld on
top of a previous slag covered weld has the potential to cause
shutdown 1f no arc can be struck through the existing slag. New

high silicon slagless wires are being developed for robot utilization.
As of this writing, we have not evaluated any of these new wires.
Possible advantages over slag type wires could be: less frequent arc
restarting problems, no slag to remove, and increased productivity.
Currently, there are no automated systems to guard against such
disruptions. Careful programming and sequence planning can help
minimize their occurrence.

A fit-up gap of a size a slarge or larger than the wire being used can
cause the system to shut down due to loss of arc. One instance occurs
on start when the wire begins to feed, it feeds through the gap and

no arc is struck. A second occurs during the weld process when the
liquid weld puddle seeps through the gap, burning a hole as it goes,
the wire feeds through, and the arc is lost. Accurate fit-up or
manual filling of such gaps prior to robot welding will eliminate

this occurrence. Robot control process feedback, when developed,
could be used to correct these situations.

A less frequent cause of shutdown is caused by buildup of spatter

on the inside of the nozzle. If concentrated, the spatter can provide
enough of a metallic surface to cause the arc to be struck to it,

thus shorting out the system. This is remedied by frequent cleaning
of the torch nozzle during the welding operation.

A weld process shutdown requires approximately five to ten minutes
to correct. Currently, these failures in the weld system do not
occur with enough frequency to be considered a major problem. The
care and attention required to avoid them demonstrates the required
attention to detail necessary to make the entire operation run
efficiently.
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The weld sequence selection is as important for the robot welder

as for any other welding method, if not more. Some degree of
distortion is to be expected with any welding process. In the
robot welding operation, distortion can alter the path of a
previously programed weld segment enough to render the subsequent
weld unacceptable. Without the ability to track a seam and correct
for variation in the path, the only solution is to program only a
few segments, weld them, and continue in this manner until the

part is completed.

This kind of sequence is not repeatable, which drastically reduces
the efficiency of the system. Good sequence planning must be part
of the robot welding operation to minimize this shortcoming.

The positioning of more than one part on the positioner, when
possible, will also help reduce distortion. The operator can program
weldments alternately between parts, allowing one to cool while the
robot performs on another. This is desirable when possible. Mul-
tiple positioners will make this capability available to larger
parts. On segments that are long and cannot be welded in one pass
for distortion reasons, programing care will be required to insure
adjacent weld segments overlap enough to provide an acceptable weld.
This will require beginning the new weld slightly (1/16°! behind the
end of the previous weld.

In summary, the robot welding operation can produce superior welds

in a shorter period of time compared to other methods. To realize

these advantages requires more attention to detail and more precise
definition of the operation.

7. Cost/Application

7.1 Production Work Cost Comparisons

Recent production work has involved the CM-T3 robot in welding
components for a ship lift system. This lift system is made up of
quite a few similar structures which lend themselves well to
automation. Tables 1, 2, 3 and 4 show data gathered concerning
prograrrrning/fabrication time and comparisons to typical fabrication
methods .

7.2 Process Costs

Fillet welding has already been identified as one of the primary
types of welding applications for robot automation in shipbuilding.
Cost per pound of weld metal deposited for various size horizontal
fillet welds are compared for three welding processes: flux cored
arc welding (FCAW), shielded metal arc welding (SMAW), and gas
metal arc welding (@IAW). The comparisons are shown in Table 5.
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FABRICATION TIME BREAKDOWN

STRUCTURAL BEAM

STRUCTURAL BEAM

Weld Length/Size:

527 6“ of5/16° Fillet
16> 4“ ofl/4° Fillet
4> 9 of 3/8”  Fillet

CMT-3
!
ACTIVITY MINUTES
Programming | 108
Joint Prep./cleaning } 2
Welding | 103 !
Load/unload 10 |
Other
Total 223

TABLE 1
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WELDING COST COMPARISON

STRUCTURAL BEAM

Part 1: STRUCTURAL BEAM

{1&3) (2
WELDING METHOD PROGRAMMING TIME TOTAL WELDING TIME COST PER BEA&
' (min.) (min.) (1abor)
Semi-Automati
M ea e - N/A 720 (12 hrs.) $360.00
Robot FCAW 108 223 (3.7 hrs.) $111.50
NOTES:

1. Includes: Welding, loading/unloading, crane lift and programming.

2. Based on 30%/hr. and not including equipment cost.

3. The following fillet welds were deposited (lengths are approximate):
527 6“ of5/16”,16> 4“ of 1/4”, and 4° 9“ of 3/8”,

TABLE 2
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WELDING COST COMPARISON - RAIL SUPPORT

Part 2:  RAIL SUPPORT

WELDING METHOD PROGRAMMING TIME TOTAL WELDING quéT COST PER Egﬁ&
(min. ) _(min.) (1abor)
Semiﬁéxﬁomatic N/A 120 $60.00
Robot Automatic 17 37 $18.51
NOTES:

1. Includes: Welding, loading/unloading, crane lift and programming.
2. Based on 30%$/hr. and not including equipment costs.

3. 167 107 of5/16" fillet weld deposited.

TABLE 3
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WELDING COST COMPARISON - WHEEL ASSEMBLY SUPPORT

29” AN
N

\ AN

/Ay

Part 3: WHEEL ASSEMBLY SUPPORT

e

1 iC]
WELDING METHOD PROGRAMMING TIME TOTAL WELDING(TIM% COST PER BEAM
(min.) (min.) (labor)
Semi-Automatic
FCAW N/A 48 $24.00
Robot Automatic 1 9 $4.5
NOTES :

1. Includes: Welding, loading/unloading, crane/boom lifts and programming.
2. Based on 30%/hr. and not including equipment costs.

3. 77 6 of 5/16” fillet weld deposited.

TABLE 4
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7.2 Process Costs (cont’d)

Work with grooved butt joints was started but did not involve enough
parts to make any valid comparisons at this time. However, the
work performed to date indicates that multiple pass grooved butt
joints can be accomplished by the robot welding system with
significant cost advantages over manual and semi-automatic welding
operations. Welds that were made were manually deslagged. Newly
developed slagless flux cored welding electrode should make this
operation even more cost effective.

7.3 Cost Estimating Worksheets

Simple cost estimating worksheets are used to determine the total
cost per pound of deposited weld metal for three different
situations. See Tables 6, 7 and 8. These worksheets can give a
quick comparison between welding methods, but do not account

for variables such as material handling, jig and fixturing, work-
piece fitup tolerances, etc.

8. Material Handling

8.1 General

Efficient material handling capabilities are important for a system
designed to process quantities of parts. The robot and positioner
were located to provide space on both sides of the positioner for
incoming and completed parts. Many of the parts to be processed
are small and delivered on pallets. Tables of sufficient size and
strength should be located near the table positioner to accommodate
these pallets of parts, thus relieving the operator offending to
lift the parts from the flookto the table. For larger parts, the
work station is located in an area serviced by an overhead crane
of sufficient capacity to handle the maximum weight allowable on
the table positioner.

8.2 Evaluation

8.2.1 Performance - Not applicable
8.2.2 Maintenance and Service - Not applicable

8.2.3 Recommendation

As the system becomes less operator-dependent, semi-automated
or mechanized material handling equipment should be considered

and evaluated.
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PRLPARED FOR:

WELD METAL COST WORKSHEET

CMT-3 ROBOT PROJECT

PREPARED BY: D.A. LANG,I JR.

rRo
Q&é{)

oave; 12/15/83

PROPOSED METHOD COST CALCULATION PRESENT METHOD COST CALCULATION PROPOSED METHOD
FURMILAS FOR CALCULAT ING vs.
CMT-3 7018 5/32" PRESENT METHOD
COST PER POUND DEPOSITED WELD METAL FCOST REGUCTTON =
1/16" dia. 30# spool 50 _1b._ cans COST [HCREASE +
LABOR & OVERHEAD COST/HR 30.00 30.00 30.00 30.00
LABOR & - - = = 4.33 s = 26,55 -22.22
OVEIHEAD  DEPOSTTION OPERAT IhG
RATE(LBS/HR) X FACTOR 9.9 4 _-70 6.93 3.78 ,_ .30 1.13
ELECIRODE COST/LB 1.20 1.38 .48
ELECTRODE 1 = = = s .65 + .73
. DEPOSITION EFFICIENCY .87 .74
g
GAS FLOW RATE
LU FT/HR) X GAS COST/CU FT X . X
s e ) i 45 X .06 2.7 g ] WA . 27
DLPOSITION RATE (LBS/HR) 9.9 9.9
TOTAL VARIABLE COST/LB TOTAL VARIABLE COST/LB
SUM GF THE ABOVE DEPOSITED WELD METAL s 5.98 DEPOSITED WELD METAL s 27.2 §-21.22
ACOST REDUCTION INDICATED BY MINUS SIGH

NOTES:

1. Based on operator factors of 70% for robot and 30% for SMAW,

2. Figures may vary per application.

TABLE 6



PREPAREQ FOR:

WELD METAL COST WORKSHEET
CMT-3 ROBOT REPORT

prepared BY: D.A. LANG, JR.

¥
Vs

oave:; 12/15/83

PROPOSED METHOD COST CALCULATION PRESENT METHOD COST CALCULATION PROPOSED MEYHOD
FURMJLAS FOR CALCULATING vS.
FCAW_(ROBOT) FCAW (SEMI-AUTOMATIC) PRESEHT METNOD _
COST PER POUND DEPOSTIED WELD METAL R *COST REOUCTION -
1/16" 30# spool 1/16" 30# spool COST THCRUASE +
ot e LABOR & ovmuoncosrnm; 30.00 __30.00 4.3 30.00 30,00 . 8.13 -3.81
UYCRHEAD  DEPOSTTION OPERAT THG —_—
~m—————  RAVE(LBS/HR) X  FACTOR 9.9 x_.70 6.93 8.2 _ 45 3.69
ELECTRODE COST/LB . . + 0
ELELTRONC: = . 1.20 1.38 _1.20 1.38 +
! DEPOSITION EFFICIENCY .87 .87
har
1]
GAS FLOW RATE
(LU FI/HR) X GAS COSI/CU FT _ a5 X .06 2.7 - 27 45 x .06 2.7 33 - .06
GAS: = - = =3 ‘s = . o
= NEPOSTTION RATE (LBS/NR) 9.9 9.9 8.2 8.2
TOTAL VARIABLE COST/LB TOTAL VARIABLE COST/L8
M OF THE ABOVE DEPOSITED WELD METAL § 5.97 DEPOSITED WELD METAL s 9,84 5 -3.87
COST REOUCTION INDICATED BY MINUS SIGN

NOTES:

Based on operator factor.of 70% for

Figures may vary per application.

TABLE 7

robot and 45% for FCAM.



PREPARED FOR:

WELD METAL COST WORKSHEET

CMT-3 ROBOT PROJECT PREPARED BY:

3

s

o
)

L+

oaTE: 12/15/83

Ay

-

D. A. LANG, JR.

PROPOSED METHOD COST CALCULATION PRESENT METHOD COST CALCULATION PROPOSED METHOD
FURMULAS FOR CALCULATING vs.
FCAV SMAW  5/32" PRESENT METHOD |
COST PER POUND DEPOSITED WELD MEYAL p FCOST, RUBOCTTON =
1.16" 30# spool 50 1b. cans CUST ITHCREASE +
LABOR & OVERHEAD COST/MR 30.00 30.00 30.00 .
LABOR & = . . - 8.13 .—30.00 = o6 55 -18.42
OVE[ilEAD  DEPOSTTION OPERAT IHG
———— RATE(LBS/MR) X  FACIOR 8.2 x .45 3.69 3.78 1.13
ELECTRODE COST/LY 1.20 .48
LLELTIONE ;= ; —_er . 1.38 - . .65 + .73
DEPOSITLON EFFICIENCY .87 .74
N
5 GAS FLOW RATE
) (CU FI/MR) X GAS COST/CU FT _ 45 X 06 2.7 .33 N/A +.33
G;“S; = = mre—eae - M = = = — =
- DEPOSITION RATE (LBS/MR) 8.2 8.2
TOTAL VARIABLE COST/LB TOTAL VARTABLE COST/LB
Sui OF THE ABOVE BEPOSTTED WELD METAL s 9.84 DEPOSITED WELD METAL s 27.2 s -17.36

*COST REDUCTION INDICATED BY MINUS SIGN

NOTES:
1.

2]
[

Based on operator factor of 45% for FCAW and 30% for SMAW.

Ciatinas mav uasy man annldandinn
rigures nay vary per dappiriCacion.

TABLE 8



9. Group Technology Analysis

9.1 Selection of Parts

During the course of the evaluation, a survey was conducted to
learn more of the nature of small parts and foundations found in
this shipyard, Data to be compiled on such parts included:

“ Material and material thickness

‘Quantity of similar parts

°Fit-up and tolerances between similar parts
Number of weld segments

*Total welding inches

‘Types of joints

Mild steel and aluminum parts were surveyed. One criteria for a
part to be included in the survey was that there be at least two of
the same parts present, this included port and starboard pairs.

It is valuable to note that this criteria excluded from the survey
a significant numberof parts in evidence (estimated at over 50%).

9.2 Survey Sunmary

Number of parts surveyed - 75

Material - mild steel

Most common material thickness - 1/4”

Other material thicknesses - 3/16”, 3/8”, and 1/2”
Average quantity per batch - 8pieces

Mean quantity per patch - 4 pieces

Maximum quantity per batch - 100+ pieces

Minimum quantity per batch - 2 pieces (specified)
Most comnon joint type- straight fillet

Number ofweld segments

OO OO ODODODODIODDOO

Small brackets and fixtures amounted to approximately
halfof the parts surveyed.

They consisted of2-6 weld segments of 2“-10" each.
Larger assemblies consisted of15-40 weld segments
each, ranging from 2*-24” in length.

‘Total Welding Inches

- Small brackets and fixtures ranged from approximately
1077-40” of weld per piece.

- Larger assemblies ranged from approximately 507”-350"
weld per piece.

‘Fit-Up
- The fit-up variation in parts where variation would

affect repeatability of the surveyed parts ranged
from 1/32°°-1/8". The most common variation was 1/16”.
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Approximately 90% of the similar parts included in
this portion of the survey showed fit-up variation.

The results of this survey were intended to provide some useful
data on the kinds of small assemblies evident in this shipyard and
were not intended to define any parameters of a small part welding
operation. Upon completion, this information was used to guide
the design of test parts for the robot.

9.3 Physical Limits and Access

A clear definition ofwhat physically can and cannot be done by

the system is important to evaluate. This involves learning the
limitations of the equipment and physical work space aswell as
limits of part size, characteristics and accessibility. The object-
ive being to quantify these limiting characteristics so this inform-
ation may be effectively communicated, and used to identify robot

parts.

The robot’s welding enveJope defines the limit of reach of the
robot arm. The effective reach has been extended by mounting the
torch approximately 24.0 inches from the end effecter. In addition,
this capability has been extended another 10 1/2” for various
applications, thus extending the working envelope slightly. See
Figure 11. This improves access as well as extending arm reach.

The welding process requires that the torch angle be correct at all
times, which is not always achieved when the arm is in a fully-
extended position. Therefore, the limiting values of parts size
that will fit on the positioner table and remain inside the robot’s
working envelope are slightly less than the boundaries that define
the envelope. The work envelope available for the robot to reach
is approximately 1000 cubic feet.

A short series of tests were conducted to determine some limiting
values of torch accessibility in the way of obstructions. It was
found that the torch and torch mount assembly could be properly
positioned into a space not less than four inches wide when bounded
on two sides. The depth of such access is limited by the length

and slenderness of the torch mounting bracket; in this case approxi-
mately 20".

The torch (nozzle and barrel) could be properly positioned into a
space not less than two inches wide when bounded on the sides.

The torch could be positioned and a suitable weld produced when the
angle between two adjoining plates was 35° or greater.

The ability to properly orient the torch is the determining factor
for access considerations; there is no compromise in this regard.

A test was conducted to determine the effect of fit-up variation on
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the welding operation. Four similar parts were fabricated. The
first was positioned, indexed, programed, and welded. Subsequent
parts were positioned at small increments away from the original
programmed/indexed part location and welded with the same program.
One sixteenth inch variation from the established programmed/indexed
points proved acceptable; greater than 1/16” variation produced
unacceptable welds.

Joint fit-up tolerances were also found to be critical. Joint
fit-up gaps 1/16” or greater resulted in poor quality welds and/or
equipment malfunctions. To fully utilize the capabilities of the
robot, it is essential that criteria be developed on which to base
robot application judgments. This criteria should be developed,
in a reasonable amount of time with some degree of confidence, for
a wide variety of parts.

The objective was to develop some simple relationships that could
be used to determine the approximate time required to completely
process a part based on a few easily determined independent
characteristics (variables) of the part such as:

*Number of weld segments

°Length of weld segments

*Numberof planes in which segments are oriented
‘Total weld inches

Time was selected as the dependent variable to be used as the basis
of comparison because it is easy to document and easy to convert to
an economic basis.

For purpose of analysis, the total time required to process any given
part was divided into two categories: 1) programming time, and
2) welding time.

Programing time includes table movement and weld sequence planning,
table movement programing, actual part programing time and any
necessary dry runs or modifying work. Welding time (arc-on-time)
was the actual time required to weld excluding interruptions.

Positioning and securing on the table was assumed to be equivalent
to the time a manual welder spends positioning and securing the same
piece; it may, in reality, be less.

An examination of the programing function revealed an apparent
relationship between programming time and the number, type, and
orientation of weld segments. The welding time was identified as
varying with the number of weld segments and the total weld length.

Two initial tests were designed to begin the development ofa data
base from which these apparent relationships could be quantified.
The first test was designed to hold the number ofweld segments
constant and vary the total weld length. The test consisted of
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seven similar parts, each with the same number of weld segment (14).

The first part in the series has 6-inch segments and a total weld
length of 84". The last part has 24-inch segments and 4 total weld
Tengths of 336 inches.

The second test was designed to hold the total weld inches constant
and vary the number of weld segments. Each of the seven parts had
186 total weld inches; the first part in the series had two segments,
the last had forty segments.

A11 of these parts were fabricated of 1/4" mild steel. They were
programmed by the same operator and welded.

Test Results

The following information was recorded.

[+

Number of segments and total welding inches.

Time to plan/program table movement and weld sequence.

Time to program part.

Time to weld part.

Total number of points in program.

Breakdown of different points in program.

Programming time is proportional to the number of weld
segments and the complexity of the segments. It is not

significantly affected by the length of the weld segment.

° Complexity of a weld segment is related to how many different

0O 0o 0 0 0 0O

LCvew v

orientations the torch must assume to weld the segment.
In order of increasing complexity are:

Welds with no corners
Welds with one corner
Welds with two corners
Welds with curves

° Programming time is proportionally reduced when more than
one segment can be welded in one table position.

Welding time is related to number of weld segments and total
welding inches.

o

9.4,17 Recommendation

Controlled testing and data coilection should continue until
simple relationships are confirmed and can be applied to
successfully identified prospective parts.
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Control Specifications

Acramattc Computer control version W __
English Metric
Alr Conditioner
BTU Rating 4000 4220244 ]
Running Current 11 AMP 11A
Maximum Ambient 125" F 52°C
Refrigerant R 22 R 22
It?stalled weight 120 Ib 54 kg
VGlt.5ge 115 VAC, 60 Hz 115 VAC, 60 Hz
singie phase single phese
Power Supply
Logic Circuit voltzge/AMPS +5v DC170 +5 vDc/70
Servo Circuit voltage/AMPS +12v13C16 +12 VDC16
Servo Circuit voltage/AMPS -12VDC14.0 -12 VDC14.0
Memory Circuit voltage/AMPS -16.75 VDC15 -16.75 VDCf5
Lamps, relays, robot, tape
vollage/AMPS +24 VDC112 +24 VDC/12
Thermostat (reset temperature) 120° F 49° C
Input requirements 95-130 VAC (RMS) 95-130 VAC (RMS)
60+1HZ 50+1Hz
CRT Module
Display (ASCII character set upper 5/16"" high x 8 mm high x
case only; 12 lines of 32 characters) 3/16” wide 5 mm wide

Input
Power requirements

composite video
115 VAC, 60 Hz
single phase

composite video
115 VAC,50HZ
single phase

EXHIBIT 1A
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Mechanical Specifications

73 industrial Robot

Standard T3
Eng“Sh

Heavy Duty HTS

English

Floor Space/Net weight
Industrial Robot
Hydraulic Power Supply
Electrical Power Unit
Acramatic Computer Control

9 sq ft /5,100 Ib
17 sq ft /1200 1b
3.4sqft /700 1b
8.3 sq ft /1100 Ib.

0.8 sqm/2313 kg
1.5 sgm/544 kg
0.3sgm/317 kg
0.8 sqm/498 kg

9sq ft /5625 Ib
17 sq 1t /1200 Ib
3.4 5q ft /700 Ib
€.3sgft /1100 1b

0.8 sqm/2531 kg

1.5 sqm/544 kg
“0.35qm/317 kg

0.8 sqm/498 kg

Load Capacity
Load 10" (254mm) from tool

mounting plate 100 b 45 kg 2251b 102 kg
Velocity (full load) 16 ips 1270 mmps 35 ips 889 mmps
Positioning accuracy
Accuracy to any programmed point +0.050 in +1.27 mm +0.050 in +1.27 mm
Axis Drive Direct, Direct,
Electrohydraulic Eilectrohydraulic
Jointed-arm motions, range
(<] o]
Maximum horizontal sweep 2400 240o
Shoulder swivel 1200 900
Elbow extension 12!’.)0 1200
Pitch 180 180_
Yaw 180 180:
Roll 240 240
Axes Displacement
Base Actuator 20 cu in 328 cm® 40 cu in 665 cm3
Shoulder Actuator 40cu in 665 cm3 80°cu in 1311 cmS
Elbow Cylinder 589 cu in 965 cm3 99.5cu in 1630 cm
Pitch Actuator 38cuin 62 cm® 8cu in 131 cmS
Yaw Actuator 1.2cu in 20 cm3 3.8cu in 62 cm3
Roll Actuator 1.2cu in 20 cm3 3.8cu in 62 cm3
Power Requirements 460 volts 380 volts 460 volts 380 volts
3 phase, 60 Hz 3 phase, 50 Hz 3 phase, 60 Hz 3 phase, 50 Hz
32 KVA 32 KVA 32 KVA 32 KvA
Environmental temperature 40° t0 120°F 5° 10 50°C 40° 10 120°F 5° t0 50°C
EXHIBIT 1B




ROBOT MOTI ON

Tne motion of the T3 Industrial Rot:ot is bazesd on three plares, >, Y, .aL;
Z.

In and out motion 1s along the X axis.
Lefiand right MOt ion is along the Y axis
Up and down molion is along the Z axis.

ELBOW
EXTENSION

SHOULDER \
SWIVEL ﬁ&,

0BOT ARM

EXHIBIT IC
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MEGA-CON 110

fully automatic digital wire feed motor control

Model 110

The MEGA-CON 110 fully automatic welding system
control provides accurate setabiiity of welding param-
eters of inches per minute wire-feed speed and power
source voltage; accurately controls these parameters
during welding and allows continuous monitoring of
each parameter during the weld cycle. Wire-feed speed
may be pre-set accurately to one-inch’ per minute and
the voltage may be accurately pre-set to.1 volt and the
parameters accurately maintained during the welding
cycle. Through the use of an accurate digital (3VZ digit)
meter, the welding parameters may be monitored con-
tinuously during welding, either showing continuously
each parameter or alternately cycling every five seconds
from voltage to inch per minute indications. Wire-feed
speed up to 1000 ipm may be monitored on the digital
meter.

WIRE FEED CONTROLS: Wire-feed speed inch per min-
ute is adjustable separately during three cycles of,
1. weld start conditions, 2. weld conditions and 3. crater
fill conditions. A retract wire-feed adjustment is also
offered to retract the wire back to the contact tip.

VOLTAGE CONTROL: Independent voltage control is

provided during the start conditions, weld conditions
and crater fill conditions.

TIME FUNCTIONS: Preflow time adjustable from zero
cycles to 999 cycles zero seconds to approximately 16.6
seconds. Start time, 0-999 cycles. Weld time, O-999
cycles. Crater fill time, 0-999 cycles. Burnback time 0-999
cycles. Postflow, 0-999 cycles. Retract, 0-999 cycles.
Recycle, 0-999 cycles time.

The above voltage, wire-feed speed and timers are
enclosed in a separate compatiment with correspond-
ing set switches and is lockable to prevent access to the
controls by unauthorized personnel. Also contained in
the compartment is a switch for selection of continuous
welding or spot conditions, single or recycle operation,
a cycle test switch to allow exercising of the program
without energizing the power source or feeder.

Additional front panel controls are a main off/on
power switch, inch-purge switch, forward/reverse
switch, 3VZ digit digital panel meter (.42-inch height
digits), welding parameter set-actual switch, voltage-
inch per minute selection switch, alternate-fixed indi-
cation switch, cycle start button, cycle stop button, ten
light emitting diode indicators for appropriate functions,
emergency control stop switch, two control fuses.

GENERAL CONSTRUCTION-The general construction

SOLID STATE

The MEGA-CON 110 can operate from either a dead-
man type operator station or can be operated from the
front panel cycle start and stop switches. A remote fix-
ture builder receptacle is provided for interface of fixture
controls.

Two plug-in conventional relays are provided for inter-
face to fixture controls and can be actuated anywhere
at the beginning of each time cycle. Solid state normally
open contact relays may also be provided upon request.

POWER SQURCE COMPATIBILITY
.RC-650-RVS and RCC-650-RVS

Wira Feed spa-d

of the MEGA-CON 110 uses a rugged JIC type enclosure AVAILABLE GEAR RATIOS 1PM CPM
approximately 20%" x 21 v4'x 9" deep with metallic con- 46:1 ... 50-625 . ... ... .. 127-2095
nector inputs and outputs on the bottom of the control 75:1Std. ... ... ... ... 30-500 76-1270
panel. 90:1 . L 25-400 .7, 7., 0 63-1016
CABLE LENGTH
CABLE SYSTEM (must order separately) TSI Ty 25FL, SOFL. TFL.
A. POWER CABLE-TO POWER SOURCE (1 reguired) .................. NA 3747671 | 374767-2 | 374767-3 HA
B. PENDANT ASSEMBLY (051108} ...oeuveenvennrenrranrennronnnnnns. 3747211 NA 3747212 NA NA
C. FIXTURE CONTROL CABLE (Opticn) ... | 3747662 NA 3747661 | 374766-3 | 37476654
D. VOLTAGE SEMSING CABLE-TO WORK {1 required) ................ 3746292 NA 374529-1 | 3746293 | 3746294
E. GAS VALVE KIT OR GAS-WATER VALVE KIT
{1 kit reguired) ...... Gas Valve Kit ...ocoreeuennnnnnes 3744205 NA 3744203 | 3744206 | 3744207
Gas-Water Valve Kit (Optional) ... 374420-8 NA 374420-9 | 374420-10 | 37442011

. FEEDHEAD CABLE AND FEEDHEAD ASSEMBLY
(1 combination required) ...... Cable (1 required) ....coveeececans 371235-1 NA 371235-2 371235-3 3712354

v —v
FEEDHEAD ASSEMBLY (1 required) — 46:1 gear ratio, 372245-3 — 75:1 gear ratio, 372245-4, 90:1 gear ratio, 372245-5

EXHIBIT 2

-51-




MEGA-MIG" 650 RVS

ESSENTIAL DATA
RATING 60 Hz
Welding Amps, DC ....... eeeeeee 650
Volts, DC ..vvvriiieeennnenncnnsn 44
DutyCycle % ..ovvvennennnnnnnnn 100
WELDING VOLTAGE AND CURRENT RANGE
Minimum .....coicviineenenencnen 100A @ 18V
Maximum .......ccceenenennnncns 800 A @ 40V
Volitage Range Step .............. 1
INPUT RATING
LineVoltage .......c.cvvevenenans 200/230/460/575
Phase ....cccvcvecenaceacsncnnse 3
HertZ vcvvveeeeeneesccnnoneennans 60
Line Amps @ Ratedload .......... 122/106/53/42.5
Line Amps @ Noload ............ 7.5/6.5/3.25/2.6
KVA@Ratedload ........coecnne 42,2
KVA @ NolLoad .....covvvnvnnens 2.8
KW@Ratedload ..........cc.nn 33.0
KW@Notbtoad ......covvveunnenn 1.5
Power Factor @ Rated Load ....... .78
Eff. @ Rated Load ............... 87%
Auxiliary Power ...........coen..- S KW
Fuse Size (AMPS) - .cvvvvenvnnnnnen 200/175/80/60
Power Input Cable {Gauge)

Single conductors in free air ..... 3/4/8/8

Not more than three conductors

in raceway, cable or earth ..... 2/2/6/8

S0 Hz
650
44
100

100 A @ 18V
800 A @ 40V
1

220/380/415/500
3
50
110/64/59/49
7.8/4.5/4.2/3.5

42.2
238

5 KW
175/100/90/75
3/8/8/8
2/6/6/86
EXHIBIT 3

Model
RC-650-RVS

FEATURES:

« Solid State Contactor

» Output Voltage Regulation

« Single W-I-D-E Range

« Solid State Control Circuit Board
* Exceptional Dynamic Response

¢ Unique, Advanced SCR Design

* Built-in Overload Protection

* Low Voltage On-Off Switch

¢ L ocal-Remote Switch .
» Designed for Ease of Handling

* Designed for Ease of Maintenance
+ Remote or local voltage sensing

DESIGNED FOR USE WITH
DIGITAL WIRE FEED SYSTEMS

MEGA-CON 110
{Factory Direct
Sales Only)

MEGA-CON DS
and
MEGA-CON SS
(See Data
Sheet §54-E)
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Hobart solid state
wire drive feedheads

S80LID STATE

H4S

Model

This Solid State controlled feed motor is a part of Standard Hobart auto-torches or semiautomatic

Hobart Modular Wire Feed System. This model guns can be used to fit your application.

features a tachometer feed back system for pre- Create your custom welding system using this
cise speed control. Control panels used include: feed head, other components as listed below, and
101, 105, Mega Con 110 and 70L feeder controls. related accessories available from Hobart.

For specifications and mounting dimensions, see back.

. TORCH See
Data Sheet 553-E
You need each of CONTROL PANEL HOTOR 4 WIRE o
the following components g See Data Sheets g “app I SEMI-AUTOMATIC. FACILITIES POWER SUPPLY
. o c.p: R -
to complete your wire 553-B, 553-8A, GEARBOX GUN See Data See Data Sheets
feed system 553-C Sheets 562-A, Sheet 553-F 5428, SA3.E.
y 5628, S62-E. ) 544-, 547-8
EXHIBIT 4
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WHEEL ASSEMBLY SUPPORT
TACKING & FIXTURING DETAILS
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ﬂ . Top View of
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3787 x3* x9* Stiffener
TACKING DETAIL OF WORKPIECE
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Dinze! "s'mew’
Gun NMount For
Welding Roboi

184

Buiriorsavooyrns

¥
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12027700200,

The picture shows a gun

mount fitted for the ASEA

Robot

(Part No. 83.500.00.0002)

- - 88

GUN MOUNT

e Integrated emergency
switch and safety mount N

e Four position adjustment

e By exchanging the base
plate (iem No. 4), the gun
mount can be fitted to most
Robot makes.

° Ibight weight, approx. 1%
Ibs.

e Very close manufacturing
tolerances.

e After a light collision the
auto snap-back action
realigns the gun or the
emergency switch stops the
process.

EXHIBIT

No. | Part No. Quantity| Description

1 | 83.500.02.0001 1 Base Plate
2 | 83.500.02.0008 4 Knurled Nut
3 | 83.500.02.0003 1 Swivel Arm w/Barrel Receptacle
4 { 83.500.02.0002 1 Robot Mounting Plate
5 | 83.500.02.0009 1 Angle Adjustment Screw
6 | 83.500.02.0006 2 Nut Insert, Small
7 | 83.500.02.0007 1 Nut Insert, Medium
8 | 83.500.02.0005 1 Nutnsert, Lang
9 | 83.500.02.0004 4 Tension Spring

10 | DING325 2 Guide Pin

11 | DIN178 2 Guide Insert

12 | DiN912 1 Allen Screw

13 | DIN912 1 Allen Screw, Long

14 | DIN125 3 Washer

15 } 83.500.02.0010 1 Safety Switch

16 | 83.500.02.0011 1 Switch Sleeve

17 | 83.500.02.0012 1 Insulating Sleeve

18 1 Set Screw

~59-




MECHANIZED
and
ROBOTIC
WELDING
PRODUCTS

INC.

MACHINE SPECIALTIES

EXHIBIT 10
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The increased utilization of robotic welding systems has created a
demand for welding tools of the highest quality and durability. For
several years, D/F automatic welding barrels have been used exten-
sively on automatic “M G' welding applications. This experience.
coupled with patented design features unavailable on any other com-
petitive equipment, has made D/F welding tools the most advanced
“MIG” welding guns and barrels for mechanized and robotic applica-
tions. This brochure was prepared as an aid in selecting the proper
welding tool for a given robotic or automatic welding application.

v

WATER COOLED “MIG” GUNS-REMOTE MOUNT

The durable HTCINCC curved gun assemblies provide good accessibility to the weld
joint because of the compact frontal area and curved design. The curved gun
assemblies also utilize the same forward nozzle assemblies and features of the stan.
dard straight barrel assemblies. This allows a versatile and low inventory of parts due to
the interchangeability of the welding tools.

MODEL EXPLANATION
HTC-Heavy-ctuty, Threaded current tip, Curved gun assembly
NCC-Norrnal duty, Collet action (slip-in current tip), Curved gun assembly

FEATURES

. Accessibility—three nozzle lengths in.line services

. Flexibility-lightweight flexible service lines; swivel casing
. Durability—closed water system protective sheath

HTCfNCC SERIES SPECIFICATIONS
Current Capacity

HTC Series . ... e e 5Wamp continuous duty
NCC SEIeS . ottt e 450 ampcontinuous duty
Gun Dimensions

Overall length with3” nozzle . . .. ... ... . . . 13.zj0"

4°N0ZZIE .. 14.750”

5Y nozzle ... 15.750"

Gun Angle—55 . curved elbow diameter of handle | .. ... . ... ... .. .. ... .. 1.500"

Nozzle to elbow clearance with 3“ nozzle (@pprox.) . ..., 6.250"
Recommended Wire Range

HTC o 03~"..062" Hard

5164"-7164"" Cored

NCC . 030'"..062"" Hard

3/647.3/32'" Aluminum

Weight (approx.)—without Services.. . .. ... e 2.21bs.

~ling RQUITW L o Minimum 5pint~minute

ORDERING INFORMATION

Code No. for Selection
Description of Available Lengths

6 Ft. 7 Ft. 8 Ft.

MODEL HTC (Threaded TID)
Water Coold” Nozzle Option

Short 3* Water Cooled Nozzle 11435 11674 ~ 114
Inter. 4* Water Cooled Nozzle 11436 11675 1409
Long 5 Water Cooled Nozzle 11437 11676 d 11410

MODEL NCC (Slip-in Tip)
Water Cooled Nozzle Option

Short 3“ Water Cooled Nozzle 11432 11678 11405
Inter. 4* Water Cooled Nozzle 11433 11679 11406
Long 5" Water Cooled Nozzle 11434 11680 11407




3inzel RobG"25 /

RobG'450

N 2 TP
Lo T

Specifications:
Max. Current:

Duty cycle:

Coolant:

Wire Sizes:

Cleaning Media:

Cable Assembly:

280ACO,

200 A, mixed gases

80%

Air

0.8 (.030"); 0.9 (.035');
1.0 (.040™); 1.2 (.045™)
Compressed air, with or
without anti-spatter spray
dependent upon unit.
Bikox®. Unitized with KZ2
central adaptor block 3 m
(10 {t.) long.

Specifications:
Max. Current:

Duty Cycle:
Coolant:
Wire Sizes:

Cleaning Media:

Cable Assembly:

500ACO, -
450 A, mixed gases
100%

Water

0.8 (.030"); 0.9 (.035™);
1.0 (.040"); 1.2 (.045™);
1.6 (1/16")

Compressed aif, with or
without anti-spatter spray
dependent upon units.
Composite cable with WZ2
central adaptor block;

3 m (10 {t.) long.

Robot Gun RoBo 25, Standard

. 43 -
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Robot Gun RoBo 450, Standard
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Robot Gun RoBo 450, Swan neck 22°
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WCG-600
600 AMP

Water cooled gun tube.

\,\/CG_S 00 Water jacket :{r g
g e DI SOLAr g ?
Rating AMPS DUTY CYCLE GAS SHIELD Lo -
600 100% CO2 i‘ / Water outlet hose
H €
500 100% Mixed Gases e et h‘\
WIRE Water inlet hose
SIZES 0357, .045", (', 3" Hard; %", 40", %" Soft; to water jacket
%7, ¥4y Flux Cored - Tip Nut
CABLE 600 Amp. Composite 10, 12 or 15 ft. Water ' !
uoolfad or Air Cooled Power Cable : l——— Insulator i 13%" (349mm)
TIP Slip-in %" O.D., .045" Std. i I l
NOZZLE Heavy Duty with Retainer Fitting 3 3 \( 45 1
Water Cooled Gun Tube is in direct contact with the Tip Nut 3 Nozzle Lo . ‘
and Tip. The water jacket is in direct contact with the nozzle. X =3 43"
i_ _j,‘ {t11mm)
= I .
"«‘"‘J Retainer gunheadwerght 2.1 1bs. (0.953 Kgs.)
EXHIBIT 12
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Binzel Nozzie
Clegner ior
Roboiic Weiding

No. Part No. Quantity | Description
1 83.001.01.0001 1 Housing Complete
2 83.001.02.0003 1 Motor Mounting Bracket
3 83.001.02.0005 1 Reamer Mounting Bracket
4 080.02.031 1 Reamer Motor
5 83.001.02.0001 1 Guide Barrel
6 83.001.02.0002 1 Nozzle Rest
7 | 83.001.02.0006 1 Spring Holder
8 83.001.02.0004 1 Mator Cover
9 83.001.02.0028 1 Reamer Spring
10 | 83.001.02.0008 4 Spacer
11 83.001.02.0031 1 Counter Spring
12 83.001.02.0013 2 Spring Guide
13 | 83.001.02.0011 2 Spring Guide Bracket
14 83.001.02.0030 2 Separation Spring
“Performance Kit” damaged when operating. }g gg:gg}:gg:gg% } *L{:g: mmg. Oiter
(cleaning device with The unit, when delivered, is 17 83.001.02.0012 1 Ejection Nozzle
nozzle reamer and adjusted for the standard :g gg.%: .gg.gg}g } (L:ug’flgxg, Solenoid
H 1 3/ . WUz, 0 ut
spraying unit) 2% length gas nozzle. The 20 | 83.001.02.0017 1 Single Point Lubricator
reamer spring is powered 21 | 83.001.02.0018 1 10 oz. Reservoir
The unit picturedis setfora by a 24V DC motor. The 22 | 83.001.02.0019 1 Solenoid Valve Base
%' nozzle I.D. By spatter ejection takes place gi gg%}gggggg : gol;nnpidl \éalve egm
. i A e, ectrical Lonnector
exchanging the reamer between thel regr:' ing and 25 | 83.200.02.0003 1 Compressed Air nlet Fitting
springand retainerstud, the | SPraying cycie. he % | 83.001.02.002¢ 1 Reservoir Mounting Bracket
unitcan be converted toany Sgra&;g\% ofd_the noz(zjle 2; 83.001.02.0025 1 Spray Deflector
size nozzle I.D. %" and 15 ** shoul e 1rept and at an 2 83.001.02.0022 1 Washer .
nozzle bore sizes are approximate distance of 1. gg 323’3‘ :02.0029 2 Centér Spring
The "PERFOHMANCE KlTu 169.09.052 HO?E Cnamp
standard. forces pure compresse d air 31 83.001.02.0009 2 Adjustment Screws
orce. 32 | 83.001.02.0032 1 Plug for Motor
Fully automated through the “SWAN 33 | 83.001.02.0033 1| Power Cord
The unit shouldbeinstalled | Necg™ preventing an 34 | 83.001.02.0034 1 Hose Fitting, Reservair
within the operating reach : : 35 | 500.02.050 1 Lock Nut
: eventual spatter clogging.
of the Robot. The rotating 36 | 83.001.02.0035 1 Hose
directi § h 37 | 83.001.02.0036 6 Lock Nut
irection of the reamer 38 | DIN933 3 Hex Bolt
spring is clockwise. Nozzle 39 | DIN934 4 Hex Nut
1.D. and reamer spring have 40 DIN 912 2 Stud
to match. The spring has to j; g:: g;i ; fm :ﬁf‘"
be adju_sted so thqt the 43 | DNt 3 Set Screw
nozzle insulator will not be 44 DIN 963 2 Retainer Screw
63 EXHIBIT 13
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No: 35-3 i
=ICTUCTION Rev: O i
ToDD PACIFIC SHIPYAROS CORPORATION WELDING PRCTEZZURE .
. Isved 10-12-82 |
LOS ANGELES DIVISION Page 1 of 2

CESCRIPTION:

AWsS D1.1 FILLET WELDING ON LCW & MEDIUM CARBON STEELS, AUTCMATIC

WELDER | aWs D1.1l, Section 5, Part D PROCEDURE AMS D1.1 - Precualified
SUALIF. QUALIF. S7D.
248F Groups I & II, ASTM 236 (Typ.) rIux Corea Arc weiding,
METALS PROCESS 2uramatic  (FCHY)
==C, /TYFPE A DOWER SOURCEY DC Electroae rositive Reverse
FILLZR METAL AWS 25.20 E7IT-1 POLARITY Polarity
FOSITION OF . . FLUX/IU=RT GAS
WELD Flat, Horizontal, Vertical WITH FLOW RATS C02, 45 cfth
JOINT Welded surcace is to be free irom loose or tnick scale, slag, rust,
PPEPA;*.ATION moisture, arease and other foreicn material including orimer. Sincle
& SIDE or miltiple pass fillets may be used within the limits specified
Nbi'v!EE'R herein.
INTERPASS i - "
CLEANTNG Ramove slag and foreign material fram joint.
Remove all defects beiore welding of next bead. Chip, grind or
REPAIRS arc gouge..
PREHEAT . .
TEMFERATURE | 'O F Iunimm
POSTHEAT INTERPASS ° . .
TEMPERATURE | NORe TEMPERATURE| (O T rupimam
EAT None LLACTRODE | TPIA Weld. Proc.
TREATMENT ___ { .~ CONTROL Man. N-2,Sec. 6-2
WELD
TECHNIQUE 0-15° Push Angle. Do not weld in drafts greate_r than 5 mph.
FILLER ARC NOTES:
PASS METAL | AMPERAGE | VOLTAGE 1) Maintain a 3/4"-1" contact tube to
NUMBER SIZE RANGE RANGE | POSITION ) ;vork distancé.
.052 175-200 23=-25 | v—up
Repair onlv_.052 175-200 23-25 | V—-down
,0582 275-350 22-29 | F, H
I 1/16 | 175-250 22-25 | v-up
Fevair onlv 1/16 175-250 22-25 | V-down
Ll/lG 150-400 | 22-32 F, H

JOLNT DESIGY:

Fillet 575C.: AWS D1.1-82 THICK. RANGE QUAL.: Unlimited

SXETCH OF WELD LOCATION & TYPICAL PASS SzgUENCE
1716

O k

Zese metal less Sase meial 1/4 of
than 1/4 thick more i thickness

{A) {8}

rsaimum size of fillet weld slong edges

APPROVAL:

Customer

TPSLA

Ol P rrmes 7 o -

EXHIBIT 15 -

Weld, Engr. Cept.

Weld Parameters
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Rev:
ToDO PACIFIC SH!PYARDS CORPORATION

PRODUCTICN ~  icwed 10-12-82
WELDING PROCECURE

LOS ANGELES DIVISION

Page 2 of 2

-

CESCRIPTION: AWS D1.1 FILLET WELDING (N ICW & MEDITM CARBCN STEELS, AUTCXATIC

T /IS T

L LEVNT

L] ] e _J>\< X

__ SIZE——‘

Note: Convexity, C, of a weld or individual surface bead shall not exceed 0.07 umes the actual {ace width
of the weld or individual bead, resoectively, plus 0.06 n. (1.5 mm]}

Desirable fillet weid profiles cceptable fillet weld profiles

; h
i ’_ i
!-—— Siz:—-, IL_ Size—-! IL_ Size——! IL— Size ] !—-— Snze—-’ !—— Size ——
Insuificient Excessive Excessive Cveriap Insufficient Inadeguate
throat convexity undercut leg penetration
Unacceptable filiet weld profiles

ACCEPTABRLE AND UNACCEPTABLE WELD PROFILES

APPROVAL: TPSLA Weld. Engr. Dept.
Custecmer

EXHIBIT 15

Weld Parameters
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No: 53-3

Rev: ¢
A : = ]
TOBD PACIFIC SHIPYARDS CORPGRATION o PRODUETICN _ Issed 10-12-82
wELDING PROCEDURZ
LOS ANGELES DIVISION Page 3 of 3

DESCRIFTION: &S Dl.1 FILLET WELDING ON LCW & MEDIUM CARBON STEELS, AUTCMATIC

Mininnm Fillet ¥Welé Size For Precuzalified Jeints

. Base metal thiclness of Minimm size of
thicker part Jointed (T) fillet vweld*
in. in.

TL1/4 1/8%*
1/4<T<1/2 3/16

Single pass welds

<
1/2<T< 3/4 1/4 o e oo

3/4<T 5/16

*Except that the weld size need not exceed the thickness of
the thinner pant joined. For this exception. particuiar care
should be taker to provide sufficient preheat to ensure weld
soundness.

**Minimum size for bridge applications is 3/16 in.

Maximum Electrode Dizmeter and Fillet Weld Size

Max. Electrcde Welding Max. Size Of Welding
Diameter Position* Fillet Weld ** ©Position*
in. in.

5/32 F, H 1/2 r,V
3/32 v 3/8 H

5/64 CH 5/16 CH

*Flat (F), Vertical (V), Horizontal (H), Cverhead (CH).
#aximmm size of any cne sass.

APPROVAL: TPSLA Weld. Engr. Cept.

Custcmer =

EXHIBIT 15 Weld Parameters
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No: 571
_ PRGOUCT ION Rev: 1_3_77
TODD SHIPYARDS CORPORATION WELDING ERQOCEDLRE
Iseed  4-25-57
LOS ANGELES DIVISION Prge 1 of -

GMAW SOLID WIRE FILLET WELDED T JOINT ON ALUMINUM ALLOY

M1 =SV =2408
WELDER PROCEDURE MIL-STD-278
QUALIF.| MIL~STD-248 QUALIF. STD.| NAVSHIPS 0900-000-1000 (1)
BASE QU~-A=250/9 Type 5450 INERT GAS SHIELDED METAL
s AT GROUD S=928§ TRNrTeS ARC
METALS hubetindedelihiiihated bdbuddondtorind z
SPEC, /TYPE MIL~E-16053 MIL-5556 j£Owai SOURCEZ] DC ELECTRODE POSITIVE
FILLER METAL | GROUP A-22B POLARITY | REVERSE POLARITY
POSITION OF | VERTICAL UP AND OVER- |FLUX/INERT GAS| ARGON 99.995% PURE
WELD HEAD WITH FLOW RATE| 40 CFE MINIMUM
JOINT SAW, CHIP OR GRIND, DEGREASE , WIRE BRUSH WITH STAINLESS
PREPARATION | STEEL POWER BRUSH IMMEDT ATELY REFORE WEIDING FOR A DISTANCE
& SIDE OF AT LEAST %" FROM WELD AREA.
NUMBER
INTERPASS REMOVE ALL OXIDES BEFORE WELDING NEXT BEAD, USE STAINLESS
CLEANING STEEL BRUSH
REMOVE ALL DEFECTS BEFORE WELDING NEXT BEAD, CHIP OR GRIND
REPAIRS
PREHEAT
TEMPERATURE NO REQUIREMENT
POSTHEAT INTERPASS i
TEMPERATURE | NO REQ. TEMPERATURE 100°F MAX.
HEAT ELECTRODE | TSCLA WELDING
TREATMENT NO REQUIREMENT CONTROL _ |PROC. MAN, SEC, 3
WELD ADJUST NOZZEL ANGLE AS NECESSARY TO MAINTAIN SHIELDING
TECHNIQUE GAS COVERAGE. ~
o FILLER ARC NOTES:
PASS | METAL | AMPERAGE | VOLTAGE .
veerr | srze | mange | Rawee | posrrrow| (1) Shield the area as nec-
essary to maintain inertc
ALL _[3/64" 180-220 | 22=25 = gas shield.
INSPECTION: IN ACCORDANCE WITH
EC. 6 OF TSCLA W. P. N-1.
JOINT DESIGN:PT2S.1l OPEC.: MILSTD22B THICK. RANGE QUAL.: UNLIMITED

SETCH OF WELD JOIVT D&SIGN & TYPICAE 1’.«iSS Sz QUmlC/;

y=0-75 M
I ] ﬁ
. ' - SN

N ; %

i J
¥ WHERE Y EYCEEDS /5 INCREASE S BY AM ,

AMOUNT EQUAL TO THE EXCESS AZ0VE 6

7

" APPROVAL:

TSCLA Weld, Engr, Dep'i‘.




TODD PACIFIC SHIPYARDS CORPORATION

o

FRuY
ING

wWo LD

LGS ANGELES DIVISION

No:  568-33
UCTICN Rev:11/11/82 251
PRCCEZOURE lssoed 9/21/81 =47
Page 1 of 2

CESCRIPTION:

V GRCOVE BUTT JOINT WelleD
TUBULAR

N PERMVMENENT BACKING STRIP,

ATV ATIOY -

- 70

MI1~5TD-2438
WELDER MII~STD-248 PROCEDURE MIT~-STD-278
QUALIF. QUALIF. STD.| NAVSEIPS 0S00-000-1000 (1)
BASE QC-A=-250/20 Type 5456 2utcratic Gas M=tal Arc (Spray
UTmMATS Ww-T-700/5 Tvre 5086, Group S-25 lzpoczss transfer) ¥Weliding - GREW.
SFEC./TYPE MIT~E-16053 PON¥ER SOURCZ} Direct Current Ziectroce
rrLrER METAL | Type 5556 Group A-22B POLARITY Positive
POSITION OF s FLUX/INeRT G4 hellum, 100% pure & ary Grace
WELD Flat & Horizontal Rolled | mr or oy parm| A of BB-H-1168,150-225 CFH
JOINT _Machine, plasma arc cut, chip, crind or deburr plate edges. Wire brush with a power
PREPARATION stainiess steel. brush nmed:ate.ly rrior to welding. Surfaces to be weléed and
- adjacent surfaces within 1/2" from the expected trce of the weld shall be ciean,
& SIDE dry and free of stn'face matter such as: paint, moisture, oxide f£ilm, oil, grease,
NUMBER indelible marking, .
INTERPASS Remove all axides be;ore welding next beaa. Use stainiess steel
CLEANING power wire brush.
REPAIRS Remove all defects before welding next bead by chipping or grinding.
PREHEAT o . .
TMPERATURE 60° F _
POSTHEAT 0 INTERPASS o .
TEMPEPATURE | Teduirement | ppyprparyrg| 150° F maximum
HEAT . . ZILCTRODE | TESLE welding ;
_TREATMENT ro requirement CONTROL E%’f"anﬁuail N-1|
WELD -
TECENIQUE See notes below #2, £#3 and following enclosure. _
FILLER 4RC NOTES:
PASS METAL | AMPERAGE | VOLTAGE .
i l. Gas cup size: 7/8" - 1"
NUMBER SIZE RANGE RANGE 4 | POSITION 2. Electrode lezd angle 10° - 15°
All 1/16" 200~280 32-34 rlat 3. Travel speed 22 —28 ipm.
4. Arc voltage range is at the
meter, actual arc voltage is
32.
2 ! 1
JOINT DESIGN: BIV.l GSP=C.: MIL-STD-22C THAICK. RANGZ QUAL.: 3/16" — 1"
SKETCH Or WeLD LOCATION & TYZPICAL PASS SzqUENCE
+5° 5k
¥ 222 (ve) 3 " ;
TT .
Ly | i
Lo—g;mx. _f_:,.,., ][ Nurber of passes shown are typical and |
o T oY ¢z shall be adjusted to suit each wall
21 thickness.
|
APPROVAL: TSCLA Weld. Zngr. Cept, &a/ 2 9,0 0 —_ !
Ty Ay aet
Custcmer ifs : .
‘ EXHIBIT 17 AL



N TRI-FIARK e,

A
//V\\ 8535 INDUSTRY PARK CAIVE
Al=m=\ PiQuA. CHIO 45356 513 772-2010

TRI-MARK® TMi-71 1M Gas-Shielded Flux-Cored Wire

ALL-POSITION HIGH DEPOSITION ARC WELDING

AWS CLASS E71T-1
Code Data: AWS AS5.20-79, ASME SFA 5.20, ABS Certificate No. 82-C26847-X, 3YSA

DESCRIPTION
TM-711M flux-cored welding wire is avaiiable in .045, .CZ2 and 1,716 inch ciameters for all-cesiion s2miautomatic

arc welding of mild steel. The wire 1s especiaily aesigned for nigh quality welaing with charac:eristics iceal for the
welding operator. The arc is smooth and siable with quick freezing slag enhancing welding in verucal up, vertical
down. and overhead positions. Flat and horizontal welds can also be readilv accomplished. The wire 1s recommenaced
for stngle and multiple pass welding. TM-711M meets the mechanical properties requirements of MIL-E-24403/18B.

OUTSTANDING CHARACTERISTICS
Ali-position welding, quick freezing slag, continuous welding, high aeposition rates, high deposition effictencies,
smooth low-spatter arc, X-ray quality, excellent weld bead appearance, low cost deposits. Excellentimpactvaluesare

higher than TM-711.

APPLICATION
TRI-MARK TM-711M electrode is designed to weld miid and medium carbon steels, such as A36, A285, A515 Grade

70, A516 Grade 70 and similar steels. A constant potential type weiding machine is preferred, connected direct
current reverse polarity, electrode positive. The arc may be shielded by either straight carbon dioxide gas or a mixture
of 75% argon and 25% carbon dioxide.. Welding grade gas should have a dew point of minus 45°F or lower. Gas flow
35-50 c.f.h. TM-711M is packaged on 60-pound No. 2 coils, 25-pound B spools, 10-pound and 15-pound 8-inch
spools. :

Steel should be reasonably ciean for best results. The smooth arc assists the welding operator in obtaining a sound
weld with excellent bead appearance.

TYPICAL PROPERTIES determined by procedures outlined in AWS A5.20-79. All-weld-metal tension test specimen
was agedas specified, Actual use of the product may produce varying resuits due to conditions and welding techniques
over which Tri-Mark Inc. has no control. Any prior representations shall not be binding. Tri-Mark Inc. disclaims any
warranty of merchantability ar fitness for any particular purpose with respect to its products.

Consumers should be thoroughly familiar with the safety precautions shown on the Warning Label posted on each
shipmentand American National Standard Z49.1 “'Safety in Welding and Cutting” published by the American Welding
Society, 550 NW LeJeune Road, Miami, Florida 33135: OSHA Safety and Health Standards, 29 CFR 1310, available
from the U.S. Department of Labor, Washington, DC 20210.

Typical TM-711M COz2 75A-25 CO2 Typical TM-711M
Mechanical Properties As-Weided As-Welded Weld-Metai Compasition
Ultimate Tensile Strength 88.000 psi 34,000 psi co: 75-25
Carbon 0.06 0.06
Yield Strength 77.000 psi 86.000 psi
Manganese 1.35 1.83
Elongation in 2 in. 26% 25%
Reduction of Area 65% 85% Sificon 0.55 0.67
Charpy V-Notch lmpact,  OSF 54 fr.- Ib. 54 fi- Ib. Phosphorus | 0.005 | 0005
-20°F 40 ft.- ib. 43 ft.- b, Suifur 0.011 0.011

TM-711M Welding Data
OPTIMUM SETTINGS

WELDING WIRE DIA. AMPERAGE VOLTAGE ARC WIRE FEED SPEED DEPQOSITED METAL
PGSITION Wm. mm RANGE RANGE AMPERAGE VOLTAGE in/mn mm/3 ib/h kg/h
Vertical Up 045 1.2 (100-200)  (22-27) 175-185 24-26  (130-2501220 (55-1061102  {3-8%4)6 (1 4-2.212.7

052 13 {100-220) {22-26) 175-200 23-25 {100-2851230 (42-121)97 2%%-6)5 (1.1-2.7722
Verucat Oown 1716 1.6 {175-250) (22-25) 200-220 2328 (120-220n70  (£9-33)72 (4%5-816  {2.0-3 €6)2.7
Overhead For overnead try 1 volt higher than vertical.
Flat and 045 1.2 (100-300)  (22-31) 300 31 {130-5C0500 (S5-2121212  (3-10110 (1.4-4 545
052 1.3 (100-300) (22-29) 300 29 {1C0-420K17 (42-1781176 (2%-11111 1.1-50)5.0
Horzontal . 1716 1.6  {150-400) {22-33) 350 29 {150.4251350 (63-1801148  {4.15)13 {1 8-6 815.9
Elecirode stickout, tup-to-work distance 34~, DCRP, Elecirode positive,
Printed in U S.A. B204711M-3 For 7S% argon - 25% carbon dioxide reauce all voltages 1 to 1% volts.

Gas Shielded Flux-Cored Wire
EXHIB;?{ 18 Specification Sheet
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